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Executive Summary 

The annual statewide greenhouse gas (GHG) emission inventory is an important tool in tracking 
progress of /ŀƭƛŦƻǊƴƛŀΩǎ climate programs towards achieving the statewide GHG goals. This document 
summarizes the trends in emissions and indicators in the California GHG Emission Inventory όάǘƘŜ GHG 
LƴǾŜƴǘƻǊȅέύΦ The 2021 edition of the inventory includes GHG emissions released during 2000-2019 
calendar years. In 2019, emissions from GHG emitting activities statewide were 418.1 million metric 
tons of carbon dioxide equivalent (MMTCO2e), 7.1 MMTCO2e lower than 2018 levels and almost 13 
MMTCO2e below the 2020 GHG Limit of 431 MMTCO2e. The emissions included in the inventory and 
presented here represent actual emissions released into the atmosphere and have not been adjusted 
in any way. The most notable highlights in the 2021 edition inventory include: 

¶ California statewide GHG emissions dropped below the 2020 GHG Limit in 2016 and have 
remained below the 2020 GHG Limit since then, generally dropping since 2004. 

¶ Transportation emissions continued to decline in 2019 as they had done in 2018, with even 
more substantial reductions due to a significant increase in renewable diesel (up 61 percent 
from 2018), making diesel fuel bio-components (biodiesel and renewable diesel) 27 percent of 
total on-road diesel sold in California. 

¶ Total electric power emissions decreased by almost 7 percent in 2019, due to a continuing 
increase in renewable energy, including a 46 percent increase in available hydropower in 2019. 
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Figure 1. Compares Annual Statewide GHG Emissions to the 2020 GHG Limit. 

 

This graph shows /ŀƭƛŦƻǊƴƛŀΩǎ annual GHG emissions from 2000 to 2019 in relation to the 2020 GHG Limit required by the 
California Global Warming Solutions Act (Assembly Bill 32). In 2016, CaliŦƻǊƴƛŀΩǎ GHG emissions dropped below the 2020 
GHG Limit and have remained below the 2020 GHG Limit since that time. 

Introduction 

The GHG inventory is an important tool in helping to track the {ǘŀǘŜΩǎ progress towards achieving the 
statewide GHG goals established by Assembly Bill 32 (AB 32) (reduce emissions to 1990 levels by 2020) 
and Senate Bill 32 (SB 32) (reduce emissions to at least 40 percent below 1990 levels by 2030). The 
GHG Inventory and includes the following type of sources: emissions from fossil fuel combustion, 
including combustion for power imported and consumed in state, GHGs generated as by-product of 
chemical reactions in industrial processes, use of GHG-containing consumer products and human-
made chemicals, and emissions from agricultural and waste sector operations. The exchange of 
ecosystem carbon between the atmosphere and the plants and soils in land is separately quantified in 
the Natural and Working Lands Ecosystem Carbon Inventory [1], which also includes wildfire emissions. 
For the emission sources included in the GHG Inventory, the inventory framework is consistent with 
international and national GHG inventory practices [2], and is aligned with requirements in AB 32. 

The 2021 edition of the GHG Inventory includes the emissions of the seven GHGs identified in AB 32 [3] 
for the years 2000 to 2019. There are additional climate pollutants that are not included in AB 32 that 
are tracked separately outside of the GHG inventory. These climate pollutants include black carbon and 
sulfuryl fluoride (SO2F2), which are discussed in the Short-Lived Climate Pollutant (SLCP) Strategy [4] 
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and ozone depleting substances (ODS), which are being phased out under a 1987 international treaty 
[5]. ODS are now being substituted with hydrofluorocarbons, which are pollutants specified in AB 32 
[3]. 

In this report, emission trends and indicators are presented in the categories outlined in the Initial AB 
32 Climate Change Scoping Plan [6]. There are alternative ways of organizing emission sources into 
categories, and the resulting percentages will be different depending on these categorization schemes. 
The Additional Information section at the end of this report provides further information on alternative 
categorization schemes. All emissions in this report are expressed in 100-year Global Warming 
Potential (GWP) from the Intergovernmental Panel on Climate Change (IPCC) 4th Assessment Report 
(AR4) [7], consistent with current international GHG inventory practices.  

Statewide Trends of Emissions and Indicators 

In 2019, emissions from statewide emitting activities were 418.1 million metric tons of CO2 equivalent 
(MMTCO2e, or million tonnes CO2e), 7.1 MMTCO2e lower than 2018 levels and almost 13 MMTCO2e 
below the 2020 GHG Limit of 431 MMTCO2e. Since the peak level in 2004, /ŀƭƛŦƻǊƴƛŀΩǎ GHG emissions 
have generally followed a decreasing trend. In 2016, statewide GHG emissions dropped below the 
2020 GHG Limit and have remained below the Limit since that time. 

Per capita GHG emissions in California have dropped from a 2001 peak of 14.0 tonnes per person to 
10.5 tonnes per person in 2019, a 25 percent decrease [8] [9]. Overall trends in the inventory also 
continue to demonstrate that the carbon intensity of /ŀƭƛŦƻǊƴƛŀΩǎ economy (the amount of carbon 
pollution per million dollars of gross domestic product (GDP)) is declining. From 2000 to 2019, the 
carbon intensity of /ŀƭƛŦƻǊƴƛŀΩǎ economy decreased by 45 percent while the GDP increased by 
63 percent. In 2019, GDP grew 2.6 percent while the emissions per GDP declined by 4.1 percent 
compared to 2018 [9] [10]. Figures 2(a)-(c) show /ŀƭƛŦƻǊƴƛŀΩǎ growth alongside GHG emissions. 
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Figure 2a. Change in California GDP, Population, and GHG Emissions Since 2000. 

 

Figure 2b. California Total and Per Capita GHG Emissions. 
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Figure 2c. Carbon Intensity of /ŀƭƛŦƻǊƴƛŀΩǎ Economy.

 

Overview of Emission Trends by Sector 

The transportation sector remains the largest source of GHG emissions in the State. Direct emissions 
from vehicle tailpipe, off-road transportation sources, intrastate aviation, etc., account for almost 
40 percenta of statewide emissions in 2019. When emissions from extracting, refining and moving 
transportation fuels in California are included, transportation is responsible for over 50 percent of 
statewide emissions in 2019. Continuing the downward trend from 2018, transportation emissions 
decreased 3.5 MMTCO2e in 2019, only being outpaced by electricity, which reduced emissions by 4.3 
MMTCO2e in 2019. Emissions from the electricity sector account for 15 percent of the inventory and 
have shown a substantial decrease in 2019 due to increases in renewables. The industrial sector trend 
has been relatively flat in recent years, but also saw a decrease in 2019, about 1 MMTCO2e. 
Commercial & residential emissions saw an increase of 2.4 MMTCO2e from more natural gas use. 
Emissions from high-GWP gases have continued to increase as they replace ODS that are being phased 
out under the 1987 Montreal Protocol [5]. Emissions from other sectors have remained relatively 
constant in recent years. Figure 3 shows an overview of the emission trends by Scoping Plan sector. 
Figure 4 breaks out 2019 emissions by sector into additional level of sub-sector categories. 

 

a The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road 
mobile sources. It does not include emissions from petroleum refineries and oil extraction and production. The emissions 
from petroleum and oil extraction are included in the industrial sector category. 
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Figure 3. Trends in California GHG Emissions. 

  

This figure shows changes in emissions by Scoping Plan sector between 2000 and 2019. Emissions are organized by the 
categories in the AB 32 Scoping Plan., 

*The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road 
mobile sources. It does not include emissions from petroleum refineries and oil extraction and production, which are 
included in the industrial sector. 

 

*  
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Figure 4. 2019 GHG Emissions by Scoping Plan Sector and Sub-Sector Category. 

 

This figure breaks out 2019 emissions by sector into an additional level of sub-sector categories. The inner ring shows the 
broad Scoping Plan sectors. The outer ring breaks out the broad sectors into sub-sectors or emission categories under each 
sector. 

*The transportation sector represents tailpipe emissions from on-road vehicles and direct emissions from other off-road 
mobile sources. It does not include emissions from petroleum refineries and oil extraction and production, which are 
included in the industrial sector. 

 

*  
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Transportation Sector 

The transportation sector remains the largest source of GHG emissions in 2019, accounting for 40 percentb of 
/ŀƭƛŦƻǊƴƛŀΩǎ GHG inventory. Contributions from the transportation sectorc include emissions from combustion of 
fuels in-state that are used by on-road and off-road vehicles, aviation, rail, and water-borne vehicles, as well as a 
few other smaller sources. (In this report, emissions from refrigerants used in vehicles, airplane, train, and ship 
and boat are shown in the High-GWP gases category). Continuing the downward trend from 2018, 
transportation emissions decreased again in 2019. Figure 5 shows emissions by transportation source categories 
and the sector total. 

Figure 5. Overview of GHG Emissions from the Transportation Sector. 

              

 

b The 40 percent figure represents tailpipe emissions from on-road vehicles and direct emissions from other non-road 
transportation sources. It does not include emissions from petroleum refineries and oil extraction and production, which 
are included in the industrial sector. 
c Emissions from the following sources are not included in the GHG inventory for the purpose of comparing to the GHG 
Limit, but are tracked separately as informational items and are published with the GHG inventory: interstate and 
international aviation, diesel and jet fuel use at military bases, and a portion of bunker fuel purchased in California that is 
combusted by ships beyond 24 nautical miles from /ŀƭƛŦƻǊƴƛŀΩǎ shores. The following emissions are not included or tracked 
in the GHG inventory: emissions from the combustion of fuels purchased outside of California that are used in-state by 
passenger vehicles and trains crossing into California, and out-of-state upstream emissions accounted for in the Low Carbon 
Fuel Standard (LCFS) program. 
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ά¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ ¢ƻǘŀƭέ is the sum of άhƴ-Road ¢ƻǘŀƭΣέ ά!Ǿƛŀǘƛƻƴ + Rail + Ships,έ and άhŦŦ-Road + 
¦ƴǎǇŜŎƛŦƛŜŘΦέ άhƴ-Road ¢ƻǘŀƭέ is the sum of άtŀǎǎŜƴƎŜǊ ±ŜƘƛŎƭŜǎέ and άIŜŀǾȅ Duty ±ŜƘƛŎƭŜǎΦέ 

Figures 6 and 7 show the trends in emissions and fuel used in light-duty gasoline and heavy-duty diesel 
vehicles. Total fuel combustion emissions, inclusive of both fossil component (orange line) and 
bio-component (yellow shaded region) of the fuel blend, track trends in fuel sales. Consistent with the 
IPCC Guidelines [2] and the annual GHG inventories submitted by the U.S. and other nations to the 
United Nations Framework Convention on Climate Change (UNFCCC), carbon dioxide (CO2) emissions 
from biofuels (the biofuel components of fuel blends) are classified as άōƛƻƎŜƴƛŎ CO2Φέ They are tracked 
separately from the rest of the emissions in the inventory and are not included in the total emissions 
when comparing to /ŀƭƛŦƻǊƴƛŀΩǎ 2020 and 2030 GHG Limits. Biogenic CO2 emissions data are available 
on the CARB webpage [9]. Emissions of methane (CH4) and nitrous oxide (N2O) from biofuel 
combustion are included in the inventory along with CO2 from fossil fuel combustion. 

Figure 6. Trends in On-Road Light Duty Gasoline Emissions. 

 

In the top panel, the yellow shaded region represents CO2 emissions from the ethanol-component of the gasoline fuel 
blend. The orange line includes all GHG emissions from the fossil gasoline component of the fuel blend, as well as the CH4 
and N2O emissions from the ethanol-component of the fuel blend. "Total Sales of Gasoline Blend" includes gasoline used in 
any types of vehicles, 93% of which are used in light duty vehicles. The color of a trend line matches the color of its 
corresponding vertical axes label. The bottom panel shows the percent of gasoline blend that is ethanol. 
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Figure 7. Trends in On-Road Diesel Vehicle Emissions. 

 

In the top panel, the yellow shaded region represents CO2 emissions from the bio-component (biodiesel and renewable 
diesel) of the diesel fuel blend. The orange line includes all GHG emissions from the fossil diesel component of the fuel 
blend, as well as the CH4 and N2O emissions from the bio-component of the fuel blend. "Total Sales of On-Road Diesel " 
includes diesel blends used in any types of vehicles, 97% of which are used in heavy duty vehicles. The color of a trend line 
matches the color of its corresponding vertical axes label. The bottom panel shows the percent of diesel blend that are 
biodiesel or renewable diesel. 

Emissions from transportation sources declined from 2007 to 2013, followed by four consecutive years 
of annual increases through 2017. Transportation emissions dropped by 1.5 MMTCO2e in 2018, and 3.5 
MMTCO2e in 2019, continuing the decreasing trend. Emissions from gasoline used in on-road 
passenger cars, trucks, and SUVs are 78 percent of the transportation inventory and had been the main 
driver of the increases between 2013 and 2017. Sales and blending of biodiesel and renewable diesel 
increased by more than 96 million gallons from 2018 to 2019. Renewable diesel use increased 
significantly (up 61 percent from 2018), making diesel fuel bio-components (biodiesel and renewable) 
27 percent of total on-road diesel sold in California in 2019. 

A combination of factors influences on-road transportation emissions. Fuel policies, improved fuel 
efficiency of the ǎǘŀǘŜΩǎ vehicle fleet, and higher market penetration of zero-emission vehicles can drive 
down consumption and emissions over time. As a result of California regulatory and incentive 
programs, the average fuel efficiency of passenger vehicles in 2019 was 23.8 miles per gallon, a 1.7 
percent improvement over 2018; and new 2019 model year passenger vehicles are 10 percent more 
fuel efficient than 2012 model year vehicles. In addition, there were 567,000 zero-emission passenger 
vehicles (including battery electric vehicles, hydrogen fuel cell vehicles, and plug-in hybrid vehicles) in 
2019 as compared to 454,000 in 2018. Biofuels such as ethanol, biodiesel, and renewable diesel 
displace fossil fuels and reduce the amount of fossil-based CO2 emissions released into the 
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atmosphere. The percentages of biodiesel and renewable diesel in the total diesel blend have shown 
significant growth in recent years, growing from 0.5 percent in 2011, to 18.5 percent in 2018, and 27 
percent in 2019, due mostly to the implementation of the Low Carbon Fuel Standard. Without biofuels, 
California tailpipe fossil CO2 would be 17 MMTCO2e higher in 2019. However, while progress around 
deployment of cleaner vehicle technology and fuels was significant, it was also dampened by continued 
increases in per capita vehicle miles travelled from passenger vehicles. 

Electric Power 

Emissions from the electric power sector comprise 14 percent of 2019 statewide GHG emissions. The 
GHG emission inventory divides the electric power sector into two broad categories: emissions from in-
state power generation (including the portion of industrial and commercial cogeneration emissions 
attributed to electricity generation) and emissions from imported electricity. Emissions in this sector 
are primarily driven by natural gas burned in-state to supplement the remaining electricity demand 
after utilizing renewable energy. 

Since the early нлллΩǎΣ the deployment of renewable and less carbon-intensive resources have 
facilitated the continuing decline in fossil fuel electricity generation. The Renewable Portfolio Standard 
(RPS) Program and the Cap-and-Trade Program continue to incentivize the dispatch of renewables over 
fossil generation to serve California load. Higher energy efficiency standards also reduce growth in 
electricity consumption driven by a growing population and economy. While year-to-year fluctuations 
in hydropower availability result in small changes to carbon intensity, the overall downward trend 
prevails for emissions from electric power generation. Figures 8 and 9 show /ŀƭƛŦƻǊƴƛŀΩǎ electricity 
emissions and GHG intensities of electricity generation over time. 
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Figure 8. GHG Emissions from the Electric Power Sector. 

                              

This figure shows trends in emissions of in-state electricity generation, emissions associated with electricity imported from 
outside of California, and the total electric power sector emissions, which is the sum of in-state generation and imports. 
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Figure 9. GHG Intensity of Electricity Generation. 

                              

This figure shows trends in GHG intensities of electricity generated by in-state power plants, electricity imported from 
outside of California, and the overall GHG intensities aggregating both in-state generation and electricity imports. 

Electric power emissions decreased in 2019 as renewable generation continues to replace fossil power. 
In 2019, 48 percent of total electricity generation (in-state generation plus imported electricity) came 
from solar, wind, hydropower, and nuclear power; and another five percent came from Asset 
Controlling Suppliersd, which imported low GHG intensity electricity consisting primarily of 
hydropower. 

In-state solar generation grew 9 percent in 2019 compared to 2018. Between 2011 and 2019, in-state 
solar generation saw significant growth as rooftop photovoltaic solar generation increased nine-fold 
[11] and total solar generation (commercial-scale plus rooftop solar) increased by a factor of 16 during 
that period [11] [12]. In-state wind energy generation ramped up through 2013, and has remained 
relatively constant since 2013 [12]. Figure 10 shows trends in in-state hydro, solar, and wind electricity 
generation. 

 

d ά!ǎǎŜǘ Controlling {ǳǇǇƭƛŜǊǎέ are as defined by the Mandatory GHG Reporting Regulation (MRR). The term refers to an 
electric power entity that owns or operates inter-connected electricity generating facilities or serves as an exclusive 
marketer for these facilities even though it does not own them. Imports from ACS are primarily hydropower, but include 
some non-zero GHG power sources such as natural gas. 
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Figure 10. In-State Hydro, Solar, and Wind Electricity Generation. 

             

This figure shows the amounts of electricity generated by /ŀƭƛŦƻǊƴƛŀΩǎ in-state wind power projects, large commercial-scale 
solar power projects, rooftop solar panels, and hydropower generation stations. The units are in terawatt-hour (1 TWh = 
1^9 kWh). 

Trends in the types of in-state generation are presented in Figure 11. In-state natural gas generation 
complements the year-to-year fluctuations in hydro, solar, wind, and nuclear power, while generation 
from other fuel types gradually decline over time. 
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Figure 11. In-State Electricity Generation by Fuel Type. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This figure shows the amounts of electricity generated by in-state natural gas power plants, hydro/solar/wind/nuclear 
resources, and other generation sources. The units are in terawatt-hour (1 TWh = 1^9 kWh)e. 

 

 

e άhǘƘŜǊ CǳŜƭǎέ include energy generation from associated gas, biomass, coal, crude oil, digester gas, distillate, geothermal, 
jet fuel, kerosene, landfill gas, lignite coal, municipal solid waste (MSW), petroleum coke, propane, purchased steam, 
refinery gas, residual fuel oil, sub-bituminous coal, synthetic coal, tires, waste coal, waste heat, and waste oil. CO2 and CH4 
emissions from geothermal power and CH4 and N2O emissions from biomass power are included in the statewide total for 
comparing to the 2020 GHG Limit. Except for geothermal power, most of these fuels are combusted in industrial 
cogeneration facility. 
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Trends in the types of imported electricity are presented in Figure 12 [13]. In 2019, imports of hydro, solar, 
wind, and nuclear energy grew nine percent while imports of coal energy dropped 21 percent. Compared to 
2011 levels, imports of hydro, solar, wind, and nuclear energy nearly tripled, while imports of coal energy 

dropped by 67 percent.f 

Figure 12. Imported Electricity by Generation Type. 

 

*Imports from ACS are primarily hydropower, but include some GHG-emitting power sources such as natural gas. 

**Imports from MJRP are primarily coal, but include other types of generation resources. The units are in terawatt-hour 
(1 TWh = 1^9 kWh). 

This figure shows the amounts of imported electricity by generation type. The energy resources are sorted in order of 
decreasing GHG intensity, with zero GHG resources on the top (solar, wind, nuclear, and hydro). Asset Controlling Suppliers 
(ACS) and Multi-Jurisdictional Retail Provider (MJRP) are as defined by the Mandatory GHG Reporting Regulation (MRR) 
[13]. 

 

Industrial 

Emissions from the industrial sector contributed 21 percent of /ŀƭƛŦƻǊƴƛŀΩǎ total GHG emissions in 2019. 
Emissions in this sector are primarily driven by fuel combustion from sources that include refineries, oil 
& gas extraction, cement plants, and the portion of cogeneration emissions attributed to thermal 
energy output. Process emissions, such as from clinker production in cement plants and hydrogen 

 

f Third-party verification ensures electricity deliveries meet the requirements of MRR and the Cap-and-Trade Regulation, 
which protects against resource shuffling. 

*  
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